BACKGROUND: Despite the identification of transfer of patient responsibility as a Core Entrustable Professional Activity for Entering Residency, rigorous methods to evaluate incoming residents' ability to give a verbal handoff of multiple patients are lacking. AIM: Our purpose was to implement a multi-patient, simulation-based curriculum to assess verbal handoff performance. SETTING: Graduate Medical Education (GME) orientation at an urban, academic medical center. PARTICIPANTS: Eighty-four incoming residents from four residency programs participated in the study. PROGRAM DESCRIPTION: The curriculum featured an online training module and a multi-patient observed simulated handoff experience (M-OSHE). Participants verbally Bhanded off^three mock patients of varying acuity and were evaluated by a trained Breceiver^using an expertinformed, five-item checklist. PROGRAM EVALUATION: Prior handoff experience in medical school was associated with higher checklist scores (23 % none vs. 33 % either third OR fourth year vs. 58 % third AND fourth year, p = 0.021). Prior training was associated with prioritization of patients based on acuity (12 % no training vs. 38 % prior training, p = 0.014). All participants agreed that the M-OSHE realistically portrayed a clinical setting. CONCLUSIONS: The M-OSHE is a promising strategy for teaching and evaluating entering residents' ability to give verbal handoffs of multiple patients. Prior training and more handoff experience was associated with higher performance, which suggests that additional handoff training in medical school may be of benefit.
INTRODUCTION
Though essential to quality patient care, handoffs often lack standardization and have been identified as a vulnerable point in care that is susceptible to error. 1, 2 These errors can result in adverse events, longer hospital-stays, and increased use of medical resources. [3] [4] [5] [6] [7] In 2011, the Accreditation Council of Graduate Medical Education (ACGME) required that all residency programs implement a structured handoff protocol and develop a plan to monitor handoff quality. 8, 9 More recently, the Association of American Medical Colleges (AAMC) identified handoffs as a Core Entrustable Professional Activities for Entering Residency (CEPAER) that should be assessed in graduating medical students. 10 Because of the variability with which verbal handoff skills are taught and evaluated in medical schools, 11 incorporating formal training and assessment during graduate medical education (GME) orientation is an important mechanism to ensure entering residents are competent in performing handoffs. While the I-PASS study has recently demonstrated that the adoption of a handoff bundle by pediatric residents is associated with improved patient outcomes, 12 few methods exist to teach and rigorously evaluate the ability of incoming residents to verbally hand off multiple patients.
While simulation has been used to evaluate handoffs during GME orientation, [13] [14] [15] no one has evaluated the ability of individual trainees to verbally hand off more than one patient in a simulated setting. This is a clear limitation, given that interns transition multiple patients during a handoff. Moreover, due to increasing time constraints in GME orientations nationwide, there is great interest in using web modules, or a Bflipped classroomâ pproach, to facilitate knowledge delivery before interns arrive for orientation. Building on our prior work, we aimed to develop and implement a novel, multi-patient, simulation to assess the ability of incoming residents to give a verbal handoff after they received online training on best handoff practices. 16 ,17
SETTING AND PARTICIPANTS
The handoff simulation for this study was embedded into a larger GME orientation at a single, urban, academic medical center. As part of a required BBoot-Camp^, 84 interns (Table 1) entering four core residency programs (Internal Medicine, Pediatrics, Obstetrics and Gynecology, Surgery) rotated through three OSCE-like stations designed to: (1) conduct a verbal handoff (2) acquire informed consent, and (3) break bad news to patients. These were conducted at the University of Chicago Pritzker School of Medicine Clinical Performance Center. The University of Chicago Institutional Review Board deemed this research exempt from review.
PROGRAM DESCRIPTION
Between June 9 and June 20, 2014, interns reviewed an online handoff training module, which summarized previously described curricular content. 17 The module was administered by Red Riding Hood© cloud-based survey application created by Click to Play Media™ (Berkeley, CA). The online training consisted of: a 4-min video highlighting handoff pitfalls, 17 a 15-min didactic screencast recorded by one of the study investigators (VA), and a seven-question, multiple-choice assessment to ensure knowledge acquisition (See Online Appendix A).
As part of the module, a four-item pre-survey asked trainees whether they had prior handoff training, how much handoff experience they had during medical school (defined as none, during third year only, during fourth year only, during both third and fourth year), and whether they felt prepared to conduct a verbal handoff using a five-point Likert-type scale, from strongly disagree to strongly agree (Table 1) . A threeitem post-survey asked trainees to evaluate the module's effectiveness, its impact on their future practice, and their preparedness to conduct a handoff.
To assess verbal handoff performance, we developed the modified, Multi-patient Observed Simulated Handoff Experience (M-OSHE), an interactive, handoff simulation that was modeled after our prior single-patient handoff simulation. 16, 18 Before the simulation, incoming residents were provided with a mock written sign-out created by faculty, which contained clinical information, overnight anticipatory guidance, and tasks requiring follow-up for three patients of varying acuity (See Online Appendix B). Because we focused on assessing verbal handoff ability, we standardized the sign-out form to critically evaluate verbal handoffs. Since a critique of prior handoff simulations was that the sender does not Bknow^the mock patients, participants were given 48 hours to study the written sign-out to become familiar with the patients.
Equipped with the mock sign-out form, each participant rotated to the handoff case scenario as a part of the larger OSCE, and written door chart directions instructed them to use the information on the sign-out sheet to transfer care of the three patients to one trained receiver during a 15-min time slot (See Online Appendix C). After the encounter, the trained receiver provided the trainee with 5-min of verbal feedback using a five-item checklist developed by the authors. The encounters were digitally recorded via B-Line© via ceilingmounted cameras in the Clinical Performance Center.
Eleven senior residents and fellows (all of whom had conducted a handoff within the last month) served as standardized Bphysician-receivers^of the handoff. Prior to the exercise, each physician-receiver reviewed the online module and received training detailing the M-OSHE and their role in evaluating the incoming residents. A five-item checklist developed by the authors was provided to the physician-receivers to assist in their evaluations and feedback (See Online Appendix D).
Envisioned as an easy-to-use tool, the checklist was designed to assess the following five observable behaviors of a successful verbal handoff: prioritization of patients by acuity, communicating in action steps, encouraging questions, providing an appropriate amount of information, and creating a shared communication space. Each behavior was chosen after careful review and deliberation of well-publicized work in this area, 16, [19] [20] [21] previously validated tools to evaluate handoffs such as the Hand-off CEX, 22 and the recommendations for handoffs outlined by the Society of Hospital Medicine. 23 Four of these behaviors were directly taken from the Handoff CEX. The fifth behavior, creating a shared space, was added after considering recent work by Greenstein, et al. on behaviors that could promote active listening by handoff receivers. 21 During their training, the physicianreceivers were instructed on what it means to demonstrate the observable behavior versus not demonstrate the behavior, and then to mark whether the skill was done (Yes) or not done (No). For each behavior, a high bar was set for completion. For example, prioritizing patients based on acuity had an exact expected order. All to-do items needed to be included for communicating in action steps. Space was also provided to allow for qualitative comments on participant performance.
Following the M-OSHE, participants completed a sixquestion evaluation. The questions asked participants to assess the authenticity of the M-OSHE scenario and whether the online module helped prepare them for the M-OSHE, their satisfaction with their performance and with their feedback, whether the curriculum would impact their future practice, and their level of preparedness to conduct a verbal handoff.
PROGRAM EVALUATION
Descriptive statistics were used to summarize all data, including self-reported baseline, post-module, and post M-OSHE preparedness and checklist scores. Interns who rated their preparedness as a B4^or B5^were deemed Bprepared.^To test interrater reliability, video footage of one-third of the participants was randomly selected, scored by investigators, and compared to the trained-receiver ratings using kappa scores. Statistical significance was defined at p < 0.05. Concurrent validity was established by calculating Pearson's correlation coefficient comparing checklist and validated Handoff mini-CEX scores from trained raters in a subsequent training exercise after M-OSHE. All data analysis was conducted using Stata 13 (College Station, TX). Eighty-four interns were eligible to participate in this study. All completed the M-OSHE, while 81 (96 %) completed the online module. Although the majority (69 %) had received prior handoff training, only half (28/58, 48 %) of those individuals were satisfied with that training. While most participants (71/84, 85 %) reported some prior handoff experience during medical school, these experiences varied (Table 1) . Self-reported preparedness for conducting a verbal handoff increased after the online module (88 % post-module vs. 54 % pre-module, p < 0.0001 Wilcoxon sign-rank test) and after the M-OSHE compared to baseline (70 % post-M-OSHE vs. 54 % pre-module, p < 0.001).
The mean total checklist-score was 3.23 (Range 1-5, S.D. 1.09) and did not differ significantly by residency program (p = 0.60, Kruskal Wallis test). For each behavior evaluated, completion rate ranged from 30 to 96 %, with interns often failing to prioritize patients based on acuity of illness (Table 2) . Internal consistency of the checklist was measured at 0.39 with Cronbach-alpha. Inter-rater reliability was moderate to high for four of the observable behaviors on the checklist, with kappa scores ranging from 0.5 to 0.9, while the kappa for the fifth behavior (communicating in action steps) was not calculable due to the very high performance and 96 % inter-rater agreement on this item (Table 2) . Performance on the checklist did correlate with Handoff mini-CEX scores, providing evidence for concurrent validity (r = 0.55, p = 0.0001, pwcorr).
Interns who reported more handoff experience during medical school were more likely to complete more than three items on the checklist (p = 0.021, nonparametric test of trend). Prior training was associated with the ability to prioritize patients based on acuity (12 % no training vs. 38 % prior training, p = 0.014, Chi2).
Eighty-one trainees (96 %) completed the post-survey following the online training module and all trainees completed the post-survey following the M-OSHE. Feedback was highly positive. All participants reported the online module was an effective review of handoffs and that the M-OSHE was realistic. Most (88 %) believed the M-OSHE will be useful to their practice as a physician. Interns also expressed positive comments (BVery helpful. I would love to do this again. The more practice we have, the better^). Lastly, 92 % of trainees would recommend this exercise for future incoming residents.
DISCUSSION
While several methods of teaching and evaluating handoffs have been previously described in the literature, 16, 19, 20, 24, 25 this study is the first to utilize a multi-patient, simulation-based assessment targeting incoming residents. Our results suggest that this may be a promising strategy to provide continuity in handoff training during the transition from undergraduate to graduate medical education and to identify incoming residents in need of additional practice.
These results have important implications for medical educators, given the inclusion of handoffs as a Core Entrustable Professional Activities for Entering Residency (CEPAER). The superior performance of participants with prior training and more handoff experience underscores the importance of training medical students and providing opportunities to conduct handoffs. A recent literature review regarding handoff education suggests that the inclusion of interactive simulations into handoff curriculum has been more promising than those focused on didactic, online handoff training. 13 Performance evaluation based on the checklist highlights room for skill improvement. Despite addressing these topics explicitly in the module, interns struggled with prioritizing patients, creating a shared space, and providing the appropriate amount of information. With baseline performance data, residency programs can identify underperforming residents, tailor on-going training in handoffs, document improvement, and demonstrate achievement of ACGME milestones. In terms of time and resources, this intervention is both practical and achievable for any residency program.
There are several limitations to this innovation. The data collected in this study were derived from a single institution, and only reflect adult-specific handoff scenarios. We are currently developing pediatric cases. Furthermore, data collected regarding prior training and handoff experience was selfreported. Information on the nature of prior training or experience is lacking. We also did not assess ability of entering residents to create a written sign-out, which could be an important supplemental module to build for this simulation. However, interns often use team-or computer-generated sign-out forms that they do not create themselves. 26, 27 Since our focus was on assessing verbal handoff performance, we believe this simulation is an important tool to assess this competency. We lack data on performance in actual clinical settings. The checklist had a relatively low Cronbach-alpha score, although it was designed to measure distinctly separate domains of a verbal handoff.
The M-OSHE is a promising model for assessing entering residents ability to verbally hand off multiple patients. Embedding this curriculum into GME orientation ensures that all interns receive training before starting practice, provides a baseline assessment of handoff performance, and can identify interns in need of additional training. Future work aims to replicate this assessment at other institutions, develop specialty-specific cases, incorporate remediation and track longitudinal outcomes.
